INTRODUCTION
============

Graphene, a single atomic layer of carbon atoms arranged in a honeycomb lattice, holds great promise for numerous applications due to its remarkable mechanical, optical, and electronic properties. In addition, owing to the linearly dispersing electronic bands ([@R1]--[@R3]), graphene also serves as a prototypical material platform for studying relativistic Dirac fermions. Graphene was also the first material in which a member of the marked class of macroscopic quantum phenomena ([@R4]--[@R7]), the quantum Hall effect (QHE) ([@R8]), could be observed at room temperature when subject to large magnetic fields ([@R9]). In the quantum Hall state, charge carriers are forced into cyclotron orbits with quantized radii and energies known as Landau levels (LLs), once subjected to the influence of a magnetic field. To observe this effect, certain conditions must be met: The magnetic field must be large enough that the resulting spacing between LLs is larger than the thermal energy (Δ*E*~LL~ \> *k*~B~*T*), the charge carrier lifetime between scattering events must be longer than the characteristic time of the cyclotron orbit (*t*~life~ \> 1/ω~c~), and the magnetic field must be uniform on length scales greater than the LL orbit. This typically mandates the need for cryogenic temperatures, clean materials, and large applied magnetic fields. Dirac fermions in graphene provide a way to lift these restrictions: Under certain strain patterns, graphene's electrons behave as if they were under the influence of large magnetic fields, without applying an actual field from outside the material ([@R10]--[@R13]). These so-called pseudomagnetic fields only couple to the relativistic electrons around the Dirac point and, under the QHE conditions above, lead to the formation of flat quantized LLs. This has been successfully observed using a range of methods ([@R11]--[@R13]), but was so far restricted to small regions, which severely limits its applicability.

RESULTS
=======

Here, we directly visualize the formation of flat LLs close to the Fermi energy induced by pseudomagnetic fields on wafer-scale semiconductor samples. By measuring the hallmark $\sqrt{n}$ energy spacing and momentum dependence of the ensuing pseudo-LLs with angle-resolved photoemission spectroscopy (ARPES) and with the aid of model calculations, we confirm their quantum Hall nature and extract a pseudomagnetic field strength of *B* = 41 T. This is made possible by the presence of a distribution of triangular nanoprisms underneath the monolayer graphene in our samples based on the well-established platform of epitaxial graphene on SiC substrates ([@R14]--[@R17]), as revealed by a combination of atomic force microscopy (AFM) and scanning tunneling microscopy (STM) measurements.

Our topographic images of these samples ([Fig. 1A](#F1){ref-type="fig"}, inset) exhibit the well-known terraces and step edges of graphene grown on 6H-SiC ([@R14]), which are due to a miscut of the wafers from the (0001) direction of up to 0. 1^∘^. A population of triangular-shaped nanoscale features is identified on the terraces of our samples ([Fig. 1A](#F1){ref-type="fig"}), which appear similar to those reported on similar substrates ([@R18], [@R19]). These nanoprisms appear during the growth process of graphene on 6H-SiC and are controllable by the Argon flow in the chamber ([@R19]). They cover between 5 and 10% of the terraces and are completely covered by monolayer graphene, the latter being demonstrated by our AFM adhesion images (see figs. S8 and S9B). They are equilateral, have a narrow size distribution around 300-nm side length, are oriented in the same direction, and are about $(2.7 \pm 0.7)~\mathring{A}$ deep ([Fig. 1B](#F1){ref-type="fig"}), which corresponds to a single missing SiC double layer or one-sixth of the 6H-SiC unit cell. This leads to a change in the registry between the silicon atoms in the top layer of the substrate and the graphene, as illustrated in [Fig. 1D](#F1){ref-type="fig"}. The strain created inside the nanoprisms cannot be relieved because the nanostructures are continuously covered by monolayer graphene without additional grain boundaries, as corroborated by our STM images across the edge (see fig. S9A). To get a more detailed view of the strain pattern, we perform additional detailed atomic resolution STM measurements. The images taken inside and outside the nanoprisms ([Fig. 1E](#F1){ref-type="fig"}) show the expected $(6\sqrt{3} \times 6\sqrt{3})R30^{{^\circ}}$ modulation with respect to SiC on top of the carbon honeycomb lattice ([@R20]). However, taking the difference of the two Fourier-transformed images ([Fig. 1F](#F1){ref-type="fig"}) reveals a shear strain pattern inside the nanoprism, with a maximal observed strain of approximately 3^∘^.

![Identification of strained nanoprisms.\
(**A**) Horizontal derivative AFM topography image of our monolayer graphene grown on a SiC substrate. Triangular nanoprisms are dispersed on the surface. Inset: AFM topography image of the same area. Substrate terrace steps are approximately 10 nm in height. (**B**) Top: Close-up view of AFM topography of the area indicated by the black box in (A). Bottom: Line cut through the AFM data marked by the purple line in the close-up view. (**C**) Overview STM topography image (200 nm × 200 nm, *V*~sample~ = 100 mV, *I*~tun.~ = 2 pA) showing a single nanoprism. (**D**) Schematic structure of 6H-SiC showing its layered ABCACB stacking order with epitaxial graphene on top (yellow). Inside the nanoprism, a single layer within the unit cell is missing, exposing the graphene to a different substrate surface termination, as illustrated in the top view. The carbon buffer layer is not shown for clarity. (**E**) Atomically resolved STM images (10 nm × 10 nm, *V*~sample~ = 30 mV, *I*~tun.~ = 2 pA) inside (top) and outside (bottom) of the nanoprism. (**F**) Difference map of the two Fourier transformed (FT) images in (E) visualizing the strain pattern inside the nanoprism.](aaw5593-F1){#F1}

To confirm whether the induced strain pattern leads to flat LLs close to the Fermi energy, we perform a series of high-resolution ARPES measurements. ARPES is a momentum- and energy-resolved technique that has proven to be a powerful tool in directly studying the electronic band structures of a vast variety of quantum phases of matter from strongly correlated electron systems and high-T~c~ superconductors ([@R21]) to topological insulators and semimetals ([@R22]--[@R24]). However, no study of quantum Hall states has been performed, since ARPES is strictly incompatible with the application of magnetic fields, as essential crystal momentum information carried by the photoemitted electrons would be lost through interaction with the field. This, however, is different for pseudomagnetic fields, as they only interact with the Dirac electrons inside the material. We note that, while a recently developed momentum-resolved technique amenable to magnetic fields has been reported ([@R25]), it necessarily requires sophisticated heterostructures and physically accessible fields and is limited to a small sector of the Brillouin zone.

Our ARPES data, which, due to the ∼1-mm spot size of the photon source, correspond to the spatial average over unstrained and strained regions of the sample, show the expected Dirac cone and new flat bands that gradually merge with the linear dispersion ([Fig. 2, A and C](#F2){ref-type="fig"}). The unequal energy spacing of these newly observed bands can be extracted from cuts along the energy direction at the *K* point ([Fig. 2B](#F2){ref-type="fig"}) and their second derivative ([Fig. 2D](#F2){ref-type="fig"}). By plotting the positions of these bands ([Fig. 2E](#F2){ref-type="fig"}), we observe the distinct $\sqrt{n}$ energy spacing, which is a hallmark of LLs for graphene's massless Dirac charge carriers ([@R2]), where *n* is the integer LL index. The spectrum of LLs in graphene is given by ([@R3])$$E_{n} = \text{sgn}(n)\sqrt{2v_{F}^{2}ħ\mathit{eB} \cdot \mid n \mid} + E_{\text{DP}}$$where *v*~F~ is the velocity of the electrons at the Fermi level, ħ is the reduced Planck constant, *e* is the electron charge, *B* is the magnitude of the (pseudo-)magnetic field, and *E*~DP~ is the binding energy of the Dirac point. Using the ARPES dispersion map in [Fig. 2A](#F2){ref-type="fig"}, the Fermi velocity is determined to be *v*~F~ = (9.50 ± 0.08) × 10^5^ ms^−1^ (see fig. S1). Fitting our experimental data to [Eq. 1](#E1){ref-type="disp-formula"} as done in [Fig. 2E](#F2){ref-type="fig"}, we extract the magnitude of the pseudomagnetic field, which yields *B* = (41 ± 2) T. This pseudomagnetic field value is consistent between several samples from cryogenic temperatures (6 K) to room temperature. The model fit also consistently pinpoints the binding energy of the Dirac point to *E*~DP~ = (460 ± 10) meV relative to the Fermi level, which agrees well with previous reports on this sample system ([@R14], [@R26]) and is attributed to charge transfer from the SiC substrate to the graphene layer. In addition, the LLs are only resolved in the upper part of the Dirac cone, closer to the Fermi level ([@R11], [@R27]). We attribute this effect to the increased scattering phase space as one moves away from the Fermi level, which manifests itself in our ARPES data by an increased line width of the bands (fig. S1).

![Momentum-resolved visualization of LLs.\
(**A**) ARPES cut through the Dirac cone at the *K* point at 300 K. The data have been divided by the Fermi function and symmetrized to compensate for matrix element effects ([@R48]). (**B**) Cut along the energy axis integrated around the *K* point in (A) in arbitrary units (a.u.). (**C**) Second derivative of the data in (A) ([@R49]). (**D**) Inverted second derivative of the data shown in (B) after smoothing. (A to D) LLs are indicated by arrows. (**E**) Summary of LL datasets, with model fit according to [Eq. 1](#E1){ref-type="disp-formula"} shown in black; the 95% confidence interval of the fit is shown in gray. Different symbols indicate different samples and temperatures: sample A (6 K; hexagons), sample B (6 K; squares), sample B second dataset (6 K; stars), sample B (300 K; diamonds), sample C (6 K; circles), and sample C second dataset (6 K; triangles). ARPES data for the additional samples can be found in fig. S7. Inset: Same data plotted versus $\sqrt{n}$, giving the expected linear behavior for LLs in a Dirac material. (**F**) Sketch of various mechanisms that may lead to ARPES intensity inside the cone. Neither electron-phonon coupling nor contamination from bilayer graphene can explain the experimental findings.](aaw5593-F2){#F2}

As for other alternative explanations of the data, we note that, while previous ARPES studies of graphene on SiC have shown a rich variety of features ([@R28], [@R29]), the signature $\sqrt{n}$ spacing of the levels ([Fig. 2E](#F2){ref-type="fig"}, inset) allows us to unambiguously distinguish the observed effect from other possibilities ([Fig. 2F](#F2){ref-type="fig"}). For example, if spectral weight inside the Dirac cone arose from coupling of electrons to phonons ([@R28]), it would be limited to characteristic vibrational energies. Similarly, contributions from bilayer and higher-order graphene layers, which can appear in small quantities near step edges of the substrate during the growth process ([@R29]) (see also AFM adhesion image in the fig. S9B), would lead to a manifold of bands but would not reproduce the observed band structure ([@R30], [@R31]). Furthermore, previously reported plasmaronic interactions in samples with higher electronic doping ([@R16]) can also be excluded. They lead to renormalizations of electronic bands around the Dirac point but show a distinctly different spectrum than what is observed in our experiments. Last, the effects of different defect geometries in graphene and their influence on the Dirac cone dispersion have recently been discussed ([@R32]) but do not lead to flat bands around the Dirac point.

To gain deeper insights into the origin of the observed LLs, we model a region of graphene experiencing a uniform strain-induced pseudomagnetic field. We use the simplest such strain pattern, worked out by Guinea *et al.* ([@R10]), which exhibits the triangular symmetry of the underlying honeycomb lattice. Using a tight-binding approach, we directly simulate a finite-size strained region with open boundary conditions and armchair edges (see further details in Materials and Methods). We find that the observed LL spectra can be well reproduced by a triangular flake of side length *L* = 56 nm ([Fig. 3A](#F3){ref-type="fig"}), subject to a uniform pseudomagnetic field *B* = 41 T over the entire flake ([Fig. 3A](#F3){ref-type="fig"}). The maximal strain (or relative bond stretching) reaches around 3%, which is in good agreement with our STM measurements. The ARPES data can be simulated by calculating the energy- and momentum-resolved spectral function *A*(**k**, ω) of this triangular flake, here shown in [Fig. 3 (B and C)](#F3){ref-type="fig"}. Our simulation reproduces the main features of the ARPES data, namely, levels that (i) follow $\sqrt{n}$ spacing in energy, (ii) are flat inside the Dirac cone and merge with the linearly dispersing bands, and (iii) become less clearly resolved with increasing index *n*.

![Model calculation of strain-induced LLs.\
(**A**) Top: Honeycomb lattice, with the two sublattices A (red) and B (yellow). The black arrows indicate the symmetry of the strain pattern. Bottom: Triangular flake with strain-induced pseudomagnetic field *B* = 41 T. The color scale indicates the relative bond stretching. (**B**) Spectral function for the gapless case with Semenoff mass *M* = 0 meV. (**C**) Energy cut through the Dirac point (*K*) of the spectral function in (B). The dashed gray lines indicate the position of the LLs predicted by [Eq. 1](#E1){ref-type="disp-formula"}. (**D**) Spectral function averaged over a uniform distribution of Semenoff masses *M* ∈ \[−135,135\] meV. (**E**) Energy cut through the Dirac point (*K*) of the spectral function in (D). The shaded gray area indicates the broadening of the LLs predicted by [Eqs. 1](#E1){ref-type="disp-formula"} and [2](#E2){ref-type="disp-formula"}.](aaw5593-F3){#F3}

Features (ii) and (iii) can be understood by comparing the characteristic size of a Landau orbit $\propto \sqrt{n}~l_{B}$ (with the magnetic length $l_{B} = \sqrt{\frac{ħ}{\mathit{eB}}}$) to the length scale λ on which the pseudomagnetic field is uniform. For LLs to exist, an electron on a given Landau orbit must experience a uniform pseudomagnetic field ([@R33]), leading to the condition $\sqrt{n}~l_{B} \ll \lambda$. Hence, for large fields *B* or large λ, flat bands are expected across the entire Brillouin zone, whereas Dirac cones are recovered in the opposite limit (see fig. S2). The bands observed in the ARPES data can thus be understood as LLs, where the orbit size is only somewhat smaller than λ: By comparing the experimental data and the model calculation, we estimate *l~B~* ∼ 4 nm and λ ∼ 30 nm (see Materials and Methods). Furthermore, since the size of Landau orbits grows as $\sim \sqrt{\mid n \mid}$, eventually, it becomes comparable to λ, explaining why levels with higher index *n* are less clearly resolved.

However, our simple model ([Fig. 3, B and C](#F3){ref-type="fig"}) consistently exhibits a sharp zeroth LL (LL0), which is absent in the ARPES data. This discrepancy is unexpected, since LL0 is known to be stable against inhomogeneities of the magnetic field and against disorder, as long as the latter preserves the chiral symmetry of graphene ([@R34]). Below, we provide a possible mechanism that broadens LL0 without substantially affecting the higher LLs. It has been argued that graphene grown on SiC is subject to a sublattice symmetry--breaking potential arising from the interaction with the substrate ([@R17]). The minimal theoretical model describing this effect, which acts as a staggered potential between sublattices A and B, is the so-called Semenoff mass *M* ([@R35]). This mass term opens a gap at the Dirac point and shifts the LL spectrum for *n* ≠ 0 to (for a more detailed discussion and the particular case of *n* = 0, see the Supplementary Materials)$$E_{n} = \text{sgn}(n)\sqrt{2v_{F}^{2}ħeB \cdot \mid n \mid + M^{2}} + E_{\text{DP}}$$

However, a uniform mass term *M* cannot explain the ARPES data. A fit of the observed LL spectrum to [Eq. 2](#E2){ref-type="disp-formula"} returns *M* = (150 ± 5) meV but places the Dirac point at an unrealistic binding energy of *E*~DP~ = 390 meV (see figs. S3 and S6). Therefore, we postulate that the mass term *M* varies on a length scale much greater than the magnetic length *l~B~* ∼ 4 nm but smaller than the ARPES spot size (∼1 mm). In that situation, our ARPES measurements would simply average over spectral functions described by different mass terms. This is shown in [Fig. 3 (D and E)](#F3){ref-type="fig"} for a uniform distribution in the interval *M* ∈ \[−135,135\] meV. As evident from [Eq. 2](#E2){ref-type="disp-formula"}, the distribution of mass terms affects LL0 most while merely contributing an additional broadening to the higher levels. Note that, as observed experimentally, the variation of the mass term is not limited to the strained areas but, instead, is a property of the whole sample; as a result, ARPES always picks up a spatial average of strained areas with LLs and unstrained areas with the usual Dirac cone dispersion, both having the same distribution of mass terms and corresponding Dirac point gaps. This phenomenological model is in good agreement with the experimental data and may renew interest in the variation of the mass term in this sample system ([@R17]).

DISCUSSION
==========

This study provides the first demonstration of the room temperature strain-induced QHE in graphene on a wafer-scale platform, as well as the first direct momentum-space visualization of graphene electrons in the strain-induced quantum Hall phase by ARPES, whereby the linear Dirac dispersion collapses into a ladder of quantized LLs. This opens a path for future momentum-resolved studies of strain-induced, room temperature--stable topological phases in a range of materials including Dirac and Weyl semimetals ([@R36]--[@R38]), monolayer transition metal dichalcogenides ([@R39]), and even nodal superconductors ([@R40], [@R41]), all under large, potentially controllable pseudomagnetic fields. These systems will feature time-reversal invariant ground states, otherwise impossible with a true magnetic field, and may act as future building blocks for pseudospin- or valleytronic-based technologies ([@R42]). In light of the recently found unconventional superconductivity in "magic angle" bilayer graphene ([@R43], [@R44]), strain-induced pseudomagnetic fields likewise raise the possibility of engineering exotic time-reversal symmetric variants of correlated states including superconductivity in LLs ([@R45]) and fractional topological phases ([@R46]). Our results lay the foundations for bottom-up strain engineering of novel quantum phases at room temperature and on a technologically relevant wafer-scale platform.

MATERIALS AND METHODS
=====================

Sample growth and characterization
----------------------------------

Graphene samples with a carbon buffer layer were epitaxially grown on commercial 6H-SiC substrates. The substrates were hydrogen etched before the growth under argon atmosphere. Details are described by Forti and Starke ([@R47]). AFM characterization measurements were taken at the Max Planck Institute in Stuttgart. Adhesion images correspond to the force necessary to retract the tip from the sample. Adhesion is sensitive to the graphene coverage on the sample and can thus distinguish between zero layer, monolayer, and bilayer graphene with sensitivity to grain boundaries.

ARPES measurements
------------------

Experiments were performed at the University of British Columbia (UBC) in a ultrahigh vacuum chamber equipped with a SPECS Phoibos 150 analyzer with Δ*E* = 6 meV and $\Delta k = 0.01~{\mathring{A}}^{- 1}$ optimum energy and momentum resolutions, respectively, at a base pressure of better than *p* = 7 × 10^−11^ torr. Photons with an energy of 21.2 eV were provided by a SPECS UVS 300 monochromatized gas discharge lamp. Our home-built six-axis cryogenic manipulator allows for measurements between 300 and 3.5 K. Additional datasets were taken at the UBC with a second ARPES setup equipped with a Scienta R4000 analyzer and a Scienta VUV5000 ultraviolet source with Δ*E* = 1.5 meV and $\Delta k = 0.01~{\mathring{A}}^{- 1}$ optimum energy and momentum resolutions, respectively, for 21.2-eV photons. The samples were annealed at 600°C for about 2 hours at *p* = 1 × 10^−9^ torr and then at 500°C for about 10 hours at *p* = 5 × 10^−10^ torr immediately before the ARPES measurements.

STM measurements
----------------

Experiments were performed at the UBC under ultrahigh vacuum conditions (\<5 × 10^−12^ mbar) using a low-temperature scanning tunneling microscope (Scienta Omicron) at liquid helium temperatures (∼4.2 K). All images were acquired in constant-current mode using a cut platinum-iridium tip, which was conditioned by voltage pulsing and gentle indentation into a Ag(111) crystal. The samples were annealed at 550°C overnight with a final pressure of *p* = 3 × 10^−10^ mbar in situ before the STM measurements.

Model calculation
-----------------

We considered a minimal tight-binding model on the honeycomb lattice with nearest-neighbor hoppings and a sublattice symmetry--breaking Semenoff ([@R35]) mass term *M*$$H = - t\sum\limits_{< r,r\prime >}\left( c_{A}^{\dagger}(\mathbf{r})c_{B}(\mathbf{r}\prime) + H.c. \right) + M\left( \sum\limits_{r}c_{A}^{\dagger}(\mathbf{r})c_{A}(\mathbf{r}) - \sum\limits_{r\prime}c_{B}^{\dagger}(\mathbf{r}\prime)c_{B}(\mathbf{r}\prime) \right)$$where $c_{A}^{\dagger}(r)~\left( c_{B}^{\dagger}(r\prime) \right)$ creates an electron in the *p*~z~ orbital at lattice site *r* (*r*′) on the sublattice A (B) of the honeycomb lattice, *t* = 2.7 eV, and the nearest-neighbor distance is *a*~0~ = 0.142 nm. We neglected the electron spin and thus considered effectively spinless fermions.

We constructed a flake in the shape of an equilateral triangle of side length *L* ∼ 56 nm. The use of armchair edges avoids the zero-energy edge modes appearing for zigzag edges ([@R3]). We applied the simplest strain pattern respecting the triangular symmetry of the problem at hand, namely, the pattern introduced by Guinea *et al.* ([@R10]), which gives rise to a uniform (out-of-plane) pseudomagnetic field$$\mathbf{B} = 4u_{0}\frac{ħ\beta}{\mathit{ea}_{0}}\hat{\mathbf{z}}$$where β ≈ 3.37 in graphene ([@R33]), and the corresponding displacement field is given by$$\mathbf{u}(r,\theta) = \begin{pmatrix}
u_{r} \\
u_{\theta} \\
\end{pmatrix} = \begin{pmatrix}
{u_{0}r^{2}\text{sin}~(3\theta)} \\
{u_{0}r^{2}\text{cos}~(3\theta)} \\
\end{pmatrix}$$

The hopping parameter renormalization induced by this displacement field was calculated using the simple prescription$$\left. t\rightarrow t_{\mathit{ij}} = t\text{exp}~\left\lbrack - \frac{\beta}{a_{0}^{2}}\left( \epsilon_{\mathit{xx}}x_{\mathit{ij}}^{2} + \epsilon_{\mathit{yy}}y_{\mathit{ij}}^{2} + 2\epsilon_{\mathit{xy}}x_{\mathit{ij}}y_{\mathit{ij}} \right) \right\rbrack \right.$$where (*x~ij~*, *y~ij~*) ≡ *r~i~* − *r~j~* is the vector joining the original (unstrained) sites *i* and *j* and$$\epsilon_{\mathit{ij}} = \frac{1}{2}\lbrack\partial_{j}u_{i} + \partial_{i}u_{j}\rbrack$$is the strain tensor corresponding to the (in-plane) displacement field ***u***. Outside the strained region (which we took as a triangle of slightly smaller length *L~S~* ∼ 48 nm), we allowed the strain tensor to relax: $\left. \epsilon\rightarrow e^{- \frac{r^{2}}{2\sigma^{2}}}\epsilon \right.$, where *r* is the perpendicular distance to the boundary of the strained region and σ ∼ 1 nm. We defined the length scale of the homogeneous magnetic field *B* to be the diameter of the largest inscribed circle in the triangle of side *L~S~*: $\lambda \equiv L_{S}/\sqrt{3} \sim 28$ nm. We stress here that our simulated flakes are much smaller than the experimentally observed triangular features of size ∼300 nm. The fact that we nevertheless reproduced the experimental features underlines how the number of observable LLs is limited by the length scale of the homogeneous pseudomagnetic field λ, rather than by the size *L* of the nanoprisms themselves. This length scale could be caused by the more complicated strain pattern present in the nanoprisms or be induced by disorder.

We then diagonalized the Hamiltonian ([Eq. 3](#E3){ref-type="disp-formula"}) with hopping parameters given by [Eq. 6](#E6){ref-type="disp-formula"} to obtain the full set of eigenstates \|*n*〉 with energies *E~n~* and computed the momentum-resolved, retarded Green's function using the Lehmann representation$$G_{\alpha}^{R}(\mathbf{k},\omega) = \sum\limits_{n}\frac{{\mid \left\langle \left. \mathit{n} \middle| \mathit{c} \right._{\alpha}^{\dagger}(\mathbf{k}) \middle| 0 \right\rangle \mid}^{2}}{\omega - (E_{n} - E_{0}) - i\eta}$$where α = A, B is a sublattice (band) index and η ∼ 20 meV is a small broadening parameter comparable to the experimental resolution.

We then computed the one-particle spectral function$$A(\mathbf{k},\omega) = - \frac{1}{\pi}\sum\limits_{\alpha}\text{Im}\left\lbrack G_{\alpha}^{R}(\omega,\mathbf{k}) \right\rbrack$$which is proportional to the intensity measured in ARPES (modulo the Fermi-Dirac distribution and dipole matrix elements). We note that using a finite system introduces two main effects in the momentum-resolved spectral function: the appearance of a small finite-size gap at the Dirac points (in the absence of a magnetic field) and a momentum broadening of the bands.
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Fig. S1. Fermi velocity and quasiparticle lifetime from ARPES.
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